Abstract
Forest Service), and location of sampling plots in burnt (white circles) and unburnt (black triangles) areas. 119
Crossed circles represent sampling points excluded from the analysis because of unplanned winter salvage 120 logging. 121 Table 1 -Characteristics of fire events and study sites. P 30d : cumulative rainfall in the last 30 days before 123 fire; T max : maximum air temperature during the fire; Wind: wind gust speed during the fire. BA beech : mean 124 basal area (±SE) of pre-fire beeches; P 03-13 : mean annual precipitation of the observation period [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] . 125
Data sources: Arpa Piemonte (weather data), Italian Forest Service (fire date and area). P [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] (mm yr In each plot we measured elevation, aspect, slope, and elevation difference from the lowest plot in 2014, we measured the percent cover by litter, bare soil, coarse woody debris, vegetation (i.e., grasses, forbs) in each circular plot. We measured the diameter at of each mature tree (dbh >7 cm) and classified tree crown vitality (Schomaker as either healthy (>50% live crown) or poor (<50%). We quantified canopy taking a hemispherical photograph 1 m above the soil from the plot center; percent canopy cover software Gap Light Analyzer (Frazer et al., 1999) . In 12 square located at 4 to 8 m from the plot center (Figure 2) , we counted one and other tree species. 
Data analysis

174
In the pre-analysis stage, we refined the fire severity stratification of plots by k-means clustering 175 into three fire severity groups: (high, intermediate, and low. This analysis splits the objects (plots) 176 into a predefined number of clusters (i.e., three fire severity groups), and iteratively assigns cluster 177 membership of each object to maximize the ratio of between-cluster to within-cluster variance of a 178 chosen focus attribute (Quinn and Keough, 2002 
185
To assess the effect of fire on seed production and regeneration, we computed plot-level mean Predictors were chosen according to ecological hypotheses we intended to test (Table 2) .
194
Precipitation was not included as a predictor because we did not consider it to be a limiting factor: Giaglione, Caprie and Druogno, respectively (data source: Arpa Piemonte).
All response and predictor variables were screened for outliers using Cleveland dotplots (Zuur et 199 al., 2010) . Predictors where scaled to improve model convergence and ensure comparability of 200 effect sizes (i.e., beta coefficients). We checked for bivariate interactions between model predictors 201 by coplots (Zuur et al., 2010) , that is by assessing whether the slope of response-predictor 202 regression was sensitive to the covariates that were thought to interact. We found no evidence for 
207
Except for the cupule model, we used as offset in each GLMM the plot-level mean frequency of the 208 preceding regeneration stage (e.g., emergent seedlings as offset for established seedlings) ( Table 2 ).
209
The study site was set as a random variable.
210
We decided not to conduct a model selection method (e.g., stepwise procedure or information 211 theoretic approach) for the following reasons: i) we were interested in testing a priori hypotheses 212 (Table 2) and not in applying arbitrary statistical rules for deciding which variables should be 213 included or removed from the model; ii) stepwise algorithms suffer from known statistical issues 214 (e.g., increase type I error due to multiple hypothesis testing) (Quinn and Keough, 2002) ; iii) we use 215 models in a descriptive rather than in a predictive framework. However, predictors were screened 216 for collinearity (Pearson correlation > 0.6) to avoid p-value inflation. For example, the herb layer 217 cover and canopy cover from Gap Light Analyzer were highly correlated (R = -0.84). In this case,
218
we retained canopy cover as the only explanatory variable because it has major cascading effects on (base dimension k=-1) (Wood, 2006) . No models had more than one smoothing term.
226
Under all models, we assessed the significance of the random factor by comparing the full model 
233
Modeling was carried out using the functions glmer (for GLMMs) and gamm4 (for GAMMs) from Table 2 -Predictors used (X), discarded because of collinearity (X*), and not used (-) in regression models. 240
For each predictor we provide a description, the related hypothesis we wanted to test, and measurement 241 units. Hypothesis testing was based on looking for statistical support for the null hypothesis, i.e., no 242 relationship between the predictor and the response. As a proxy of beech vitality, it affects positively cupule and seed production.
As a proxy of light, it affects positively seed germination, seedling recruitment and establishment.
% X X X X X
oth-ba-live
Basal area of live tree species other than beech
As a proxy of competition of other tree species on beech, it affects negatively all variables.
oth-reg
Seedling density of tree species other than beech
As a proxy of competition of other species on beech after recruitment, it affects negatively seedlings establishment.
Litter abundance at the sub-plot scale (scaling from 0 to 1 of the variable resulting from litter cover multiplied per litter depth)
Litter abundance affects positively accumulation of both cupules and seeds. Has a negative effect on seed germination. As a proxy of soil cover, it affects negatively seedling recruitment. . Different letters show significant differences 3; p<0.001) (Figure 4c, d (Figure 5a ). Cupules were also linearly related to aspect 285 (i.e., were fewer on north-facing sites), litter (were increased with higher litter accumulations), and 286 slope (were increased on steeper slopes) and by interspecific competition (were fewer with 287 increasing competition). Position along the slope was not significant (Table 3) . When offset by cupule abundance, seed abundance decreased linearly with increasing canopy cover 296 and elevation (Table 3) . Seed germination was nonlinearly related to litter abundance, and higher at 297 intermediate litter levels (Figure 5b ). Also in this case canopy cover had a negative linear effect 298 (Table 3) . Similarly, seedling emergence linearly decreased with increasing canopy cover and litter 299 abundance, while coarse woody debris, northern aspect, and slope had a significant positive effect 300 (Table 3) . Finally, seedling establishment was positively affected by coarse woody debris and was Consistent with the ANOVA results, the study site as a random factor had a stronger effect on 304 cupules, seed production and germination (p <0.01), had a weaker effect on seedling emergence (p 305 =0.04) and was non-significant for seedling establishment. This finding may suggest that site-306 related factors in our experiment had decreasing importance during the regeneration process in 307 comparison to other predictors, such as litter abundance and canopy cover. 
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In contrast, seed production also decreased when canopy cover was higher than 85%. Studies of radiation and air temperature, either at the individual branch or at the whole tree level. This could also explain the significant reduction of cupules that we detected on northern aspects and in the 330 presence of higher competition from other species, as in seeds at higher elevations.
331
We found more cupules on plots with more litter and gentler slopes. We interpret this finding as a 332 result of the mechanical movement of cupules due to the slope and/or running water, which can be 
Conclusions
We are grateful to two anonymous reviewers for careful revision and useful suggestions. the mixed beech-silver fir-Norway spruce old-growth forest of Biogradska Gora (Montenegro).
